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Sampling of primary source samples of PM2.5
For the primary sources of PM2.5, seven major sources were collected as literature reported (Ge et al., 2004; Li et al., 2011; Das et al., 2010; Zhao et al., 2006; Chow et al., 2003; Fraser et al., 1998; Hu et al., 2013; Huang et al., 2014; Zhang et al., 2013; Reff et al., 2009; Song et al., 2007; He et al., 2001) , including soil dust, industrial emission, coal combustion, vehicle exhaust, biomass burning, urban 25 fugitive dust, and construction dust. The soil dusts were collected at different directions and different depths around Beijing. The industrial emission samples were collected by air sleeves or electrostatic filters installed in the chimneys in steel and power plants in Tangshan, Hebei, which is adjacent to Beijing. The coal combustion samples were fly ashes from burning of honeycomb briquette and lump coals. The fly ashes were drawn through a dilution system (Ge et al., 2004) and then collected onto 30 polypropylene membrane filters by an impactor at a flow rate of 36 L/min. The vehicle exhaust samples were collected following a previously reported method (Fraser et al., 1998) 
Measurement of Si isotopic composition
The Si isotopic composition was measured by multi-collector inductively coupled plasma mass spectrometry (MC-ICP-MS) on a Nu Plasma II MC-ICP-MS (Wrexham, UK) working in medium-resolution mode coupled to a DSN-100 DeSolvation Nebulizer System. The samples were diluted with HCl solution to obtain a Si concentration of ~300 ng/mL, at which the intensities of 28 Si, Si were about 2, 0.11, and 0.08 V. A PFA nebulizer was used for sample injection at 70 µL/min in dry mode. The optimized instrumental parameters and the Faraday cup configuration are the same as in our previous study (Lu et al., 2018) . The procedure blank of the Faraday detector noise was subtracted in the electrostatic analyzer for 30 s prior to each measurement. After each measurement, the system was rinsed with HCl solution (pH 2) for 120 s to reduce the background intensity to < 0.03 V.
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Three parallel measurements were performed for all experiments (n = 3). The Si isotopic composition The mass bias of a sample was corrected by using a standard-sample-standard bracketing method based on the mean values of the isotope ratios from two adjacent standard measurements (Lu et al., 2016) . Two standard reference materials (NIST SRM-8546 and IRMM-017) were used to validate the method. The δ 30 Si value of NIST SRM-8546 solution with a Si concentration of 300 ng/mL was measured to be -0.08 ± 0.11‰ (mean ± 2SD, n = 40), and the δ 30 Si value of IRMM-017 was measured 60 to be -1.38 ± 0.18‰ (mean ± 2SD, n = 36). The δ 30 Si value of IRMM-017 was highly consistent with the literature reported value (Zambardi and Poitrasson, 2011) , confirming the high accuracy and precision of the method.
Measurement of OC and EC in PM2.5
OC and EC were measured by using a DRI Thermal/Optical Carbon Analyzer. The temperature Quartz filter blanks were processed concurrently with field blank samples and used to obtain detection limits (LODs). The blank based LODs, calculated as three times the average field blanks, were < 1.0 μg/m 3 for both OC and EC. Replicate analyses were performed at the rate of one per group of 10 samples. The RSDs were less than 5% (Cao et al., 2003) . 
Estimation of SOC in PM2.5
It has been reported that the minimum value of OC/EC occurred simultaneously in urban and rural areas both in winter and summer (Castro et al., 1999) , and particles with the minimum OC/EC ratios were regarded as being dominated by primary aerosols. Thus, the minimum value of OC/EC ratio can be used to estimate the amount of SOC in aerosols and the concentration of SOC can be calculated by 80 the following equation:
where OCtotal is the total OC, and (OC/EC)min is the estimated minimum OC/EC ratio (Turpin and Huntzicker, 1995) .
Measurement of water soluble inorganic ions in PM2.5 85
The water-soluble inorganic ions were analyzed according to previously reported methods (Tan et al., 2009a; Tan et al., 2009b) . The PM2.5 filter samples were extracted by an ultrasonication method, and normally > 98% of sulfate, nitrate, and ammonium could be extracted. The filter was submerged in a vial with 10 mL of water, sealed and subjected to ultrasonication for 20 min. The extraction was repeated twice. 
Estimation of secondary aerosols by using the traditional method
Following the traditional method, the secondary aerosol (SA) contribution was estimated by the 95 combination of SIA and SOA. The SIA was the sum of secondary ions (NH4 + , NO3 − , and SO4 2− ), and the SOA was obtained by multiplying SOC by an OM/OC ratio of 1.6 (Xing et al., 2013) .
Analysis of atmospheric concentration of SO2 and NOx and relative humidity
The atmospheric concentrations of SO2 and NOx were monitored by a Thermo Scientific Model 43i
Sulfur Dioxide Analyzer and a Thermo Scientific Model 42i NO-NO2-NOx Analyzer, respectively. The 100 relative humidity (RH) was measured by a Vaisala HUMICAP Humidity and Temperature Probe HMP155 (Helsinki, Finland). 
